Background. We report the first series of Mycobacterium abscessus bacteremia after cytokine-induced killer cell therapy for body beautification and health boosting.
disseminated infections are rare, occurring mostly in immunocompromised patients [2, 3] . Because M. abscessus is commonly found in the environment and is resistant to many antibiotics and disinfectants, outbreaks related to invasive procedures or contaminated medications have been frequently reported [1] . Furunculosis due to M. abscessus has been reported in patients who have undergone pedicures [4] , liposuction [5] , and other aesthetic procedures [6] . Mycobacterium abscessus infections have also been associated with acupuncture [7] , as well as injection of contaminated normal saline and drugs [8, 9] . Contamination of mycobacterial blood culture supplements has led to pseudo-outbreaks [10] . An outbreak of skin lesions among visitors of public wading pools has also been described [11] .
In October 2012, 4 patients suffered from M. abscessus bacteremia after receiving intravenous infusion of cytokineinduced killer (CIK) cell therapy for beautification and boosting of health at a beauty treatment center [12] . CIK cell therapy is a type of immunotherapy for the treatment of cancer, and is currently undergoing clinical trials [13] . CIK cells are effector natural killer (NK) cells and nonspecific T cells with lymphokine-activated killer activity, and are prepared by collection of blood from a patient, followed by isolation of peripheral blood mononuclear cells by apheresis, differentiation, and expansion by anti-CD3, interleukin 2, interferon-γ (IFN-γ), and/or interleukin 1α, and subsequently infused back to the same patient. We described the clinical manifestations, investigative and histopathological findings of affected tissues, and outcomes in these patients.
METHODS

Patients
A case patient was defined as a patient who suffered from M. abscessus infection after receiving the CIK cell therapy at a beauty treatment center between September and October 2012. Detailed clinical and laboratory information were obtained from physicians and the clinical management system using a standard questionnaire. Demographics, presenting symptoms, laboratory tests, imaging findings, treatment, complications, and outcomes were recorded in a predesigned database. Disseminated intravascular coagulation (DIC), acute respiratory distress syndrome (ARDS), and multiorgan dysfunction syndrome (MODS) were defined with standard criteria [14] [15] [16] . This study was approved by the institutional review board of the University of Hong Kong/ Hospital Authority Hong Kong West Cluster.
Laboratory Analysis
Blood culture was performed using BACTEC Fx blood culture system (BD Diagnostic Systems, Sparks, Maryland) for patients 1, 2, and 3, and BacT/ALERT (bioMérieux, Marcy l'Etoile, France) for patient 4. Mycobacterium isolates were sent to the Public Health Laboratory Centre (PHLC) for species identification and antimicrobial susceptibility testing. Species identification of M. abscessus was performed using matrixassisted laser desorption/ionization-time of flight, and subsequently confirmed by biochemical tests and sequencing of the hsp65 gene as described previously [17] . Antimicrobial susceptibility testing was performed by broth microdilution method according to the Clinical and Laboratory Standards Institute or by Etest at the PHLC [3] . Hematoxylin-eosin and ZiehlNeelsen (ZN) staining were performed on affected tissues from biopsy of patient 2 and postmortem examination of patient 1.
Cytokine Profile
Plasma levels of 29 different cytokines and chemokines were determined by Luminex enzyme immunoassay (Milleplex MAG, Luminex) as described previously [16] .
RESULTS
Patient Characteristics and Presenting Clinical Features
In October 2012, 2 patients ( patient 1 and 2) attended the accident and emergency department of a hospital in Hong Kong, and were diagnosed to have septic shock (Table 1) . Both patients had received intravenous infusion of CIK cells at a beauty treatment center. The clinicians notified the Centre for Health Protection (CHP) regarding a possible outbreak of infections following CIK cell therapy. Further investigations by the CHP revealed that 2 other patients ( patient 3 and patient 4) were hospitalized [12] .
All 4 patients were female and the median age was 57.5 years (range from 46 to 60 years; Table 1 ). Three patients had underlying diseases, including past splenectomy for trauma ( patient 2), hypothyroidism on thyroxine replacement ( patient 3), and stage III lung adenocarcinoma ( patient 4). All patients had fever, and 3 patients had vomiting or diarrhea as prominent symptoms. Patients 1, 2, and 3 were in severe shock and required admission to the intensive care unit. Laboratory test results were shown in Table 2 . On admission, 2 patients had leukocytosis. Lymphopenia and thrombocytopenia were present in all patients. Patients 1, 2, and 3 had prolonged prothrombin time and activated partial thromboplastin time. Patient 1 and patient 3 had elevated creatinine levels. Chest radiography for patient 1 showed bilateral lower zone infiltrates. Pleural effusion was evident on chest radiography at admission of patient 4. No abnormalities were detected on the admission chest radiographs for patients 2 and 3.
On the day of admission, all patients were started on empirical broad-spectrum antibiotics with gram-positive and gram-negative organism coverage (Table 3 ). In light of the identification of M. abscessus in the blood culture of patient 1 two days after hospitalization, all patients received empirical antimicrobial therapy recommended for M. abscessus. A stress dose of hydrocortisone was given to patient 1 and 2 from day 2 after hospitalization and to patient 3 from day 1 after hospitalization. All survivors had received >150 days of antimicrobial therapy at the time of this writing.
Clinical Course
Patient 1 developed generalized edema suggestive of capillary leak syndrome. She also developed refractory shock, DIC, ARDS, and MODS (Table 3) . Lumbar puncture performed on day 6 after hospitalization revealed neutrophil-predominant pleocytosis, associated with low glucose and high protein, compatible with bacterial meningitis (Table 4 ). She died 6 days after hospitalization. Postmortem study was performed. The lungs were firm, markedly congested, and edematous, with areas of hemorrhage. Histology of the lung tissue showed focal areas of pulmonary hemorrhage, alveolar damage with hyaline membrane formation, and patchy areas of bronchopneumonia with acute inflammatory cell infiltration ( Figure 1A ). The heart showed multiple bleeding spots on the epicardial surface. In the abdomen, there was hepatic steatosis and hemorrhagic infarct in the spleen.
Necrosis and hemorrhage were widespread in the adrenal glands. AFB were seen in the lung, liver, kidney, and the adrenal gland. Postmortem blood and splenic swab cultures grew M. abscessus. Patient 2 also developed DIC and lower limb gangrene ( Figure 1B ). An incisional biopsy of the left big toe was performed on day 5 after hospital admission. Histology showed congestive microangiopathy with incipient epidermal necrosis, consistent with DIC. No granulomas or AFB were identified. Lumbar puncture was performed on day 8 after hospitalization with unremarkable findings. The patient's chest radiograph showed progressive right-sided pleural effusion, which subsequently resolved. Computed tomography (CT) performed on day 6 after hospitalization showed bilateral pleural effusion, shotty enlarged mediastinal lymph nodes, gallbladder wall thickening, and low-density rim-enhancing area at the pancreatic tail measuring 2.2 × 3.7 cm. The pancreatic lesion remained static upon reassessment CT on day 23 after hospitalization. Forty days after hospitalization, bilateral tender groin lymphadenopathy was noted. CT on day 48 after hospitalization confirmed enlarged lymph nodes over the bilateral groin and iliac regions. There were no enlarged para-aortic lymph nodes. Fine needle aspiration of the left groin lymph node performed on day 55 after hospitalization and antimicrobial treatment showed granulomatous inflammation. ZN staining was negative for AFB. Mycobacterial culture was negative. Patient 3 had progressive patchy consolidation on chest radiography. CT on day 12 after hospitalization showed multiple wedge-shaped areas of consolidation and ground glass opacities, compatible with septic emboli (Figure 2 ). Positron emission tomography (PET)-CT on day 46 after hospitalization showed resolution of the pulmonary abnormalities, and no other occult infective foci were identified. Her clinical course was also complicated by peripheral gangrenous changes requiring bilateral below-knee amputation and disarticulation of right index to little fingers on day 20 after hospitalization.
Patient 4 had increasing right-sided pleural effusion. Thoracocentesis was performed on day 5 after hospitalization. Cytological examination of the pleural fluid showed mixed polymorphs and lymphocytes, with no cancer cells, suggestive of reactive changes (Table 4) . ZN staining did not reveal any AFB. Ultrasound of the abdomen on the day of admission showed a heterogeneous splenic lesion. PET-CT on day 36 after hospitalization showed only faintly hypermetabolic right-sided pleural effusion. The splenic lesion was isometabolic and hypodense. Compared to a PET-CT performed 5 months prior to admission, there was no difference in the characteristics of the splenic lesion. Two months after admission, patient 4 developed bilateral blurring of vision and multiple subcutaneous skin lesions over the limbs. Funduscopic examination showed bilateral retinitis, suggestive of mycobacterial-related retinitis. Mycobacterium was not detected in the aqueous fluid by polymerase chain reaction. Skin biopsy of the subcutaneous lesion showed inflamed granulation, but ZN staining did not reveal any AFB.
Microbiological Characteristics
Blood culture from all patients grew M. abscessus. Time from blood culture incubation to positivity was 34 hours for patient 1, 52 hours for patient 2, 38 hours for patient 3, and 83 hours for patient 4. AFB were seen in the buffy coat of the ethylenediaminetetraacetic acid blood samples of patients 1, 2, and 3, but not patient 4. All blood cultures collected from patient 1 over a period 5 days prior to death were positive for M. abscessus (Table 4) Antimicrobial susceptibility test using broth microdilution showed that all isolates had almost identical antibiogram, which were susceptible to clarithromycin, amikacin, and cefoxitin, but resistant to levofloxacin and doxycycline (Supplementary Table 1 ). All isolates had intermediate susceptibility toward linezolid, except for that of patient 1, which was susceptible. However, Etest showed that all isolates had a minimum inhibitory concentration of >256 µg/mL for linezolid and >32 µg/mL for imipenem.
Plasma Cytokine/Chemokine Profiles
The initial and serial plasma cytokine/chemokine levels of the 4 patients were compared. On admission, patients 1, 2, and 3 had at least 1 log higher levels of cytokines related to Th1 (IFN-γ, interleukin 12 p40 
DISCUSSION
This is the first series of M. abscessus bacteremia in patients receiving intravenous infusion of CIK cells for body beautification and health boosting. The clinical presentation of the patients in this outbreak was unusually severe, in that 3 of the 4 patients presented to hospital with septic shock. Only 1 of these patients had active immunosuppression due to lung cancer. Furthermore, there was evidence of extensive dissemination of the mycobacteria. In previous reports of M. abscessus bacteremia, the onset of illness is usually indolent, although some patients died after months due to treatment failure [18] . A mouse model with M. abscessus bacteremia showed an indolent course of disease [19] . In a previous outbreak of Mycobacterium mucogenicum due to contaminated hematopoietic stem cell products, 3 patients who had received contaminated products remained asymptomatic [20] .
There are several possibilities for the unusually severe disease. First, a high bacterial load was present in patients 1, 2, and 3, as evidenced by positive smears of AFB on the peripheral blood at presentation, and the short time to positivity in the blood culture. A high bacterial load has been correlated with more severe disease [21] . Several cell wall components have been implicated as virulence factors for RGM, such as trehalose dimycolate (cord factor), lipoproteins, and lipomannans, and some of the virulence factors were present in rough strains of M. abscessus [22] [23] [24] [25] . In fact, cell-wall components from RGM, including Freund's complete adjuvant, have been used as adjuvants for enhancing immune response in vaccines [26] . Although our patients' isolates appeared smooth and may contain fewer of these virulence factors per bacterial cell, the high bacterial loads suggested that these components may be present in a large amount in the blood, which can trigger the cytokine storm. Second, the patients were infused with CIK cells. After Graft-vs-host disease has been reported in patients with allogeneic hematopoietic stem cell transplantation [13] . Currently, the effect of this therapy on sepsis is unknown. One possibility for the severe cytokine storm is that M. abscessus antigens have already stimulated the peripheral blood mononuclear cells during cell culture. After infusion, these cells can release and induce a large amount of cytokines, leading to severe sepsis.
All patients had pulmonary involvement. Patient 3 had evidence of septic emboli to the lung, and patients 1 and 4 had M. abscessus isolated from respiratory tract specimens. This differs from the usual pulmonary involvement due to inhalation of M. abscessus, as the pulmonary involvement in our patients was due to hematogenous dissemination after intravenous infusion. Patient 1 also had positive culture from urine and CSF. Genitourinary infections and meningoencephalitis due to RGM have been reported [3, 27] . Patient 2 developed granulomatous lymphadenitis, which was rarely reported [2] . Despite having gastrointestinal symptoms, M. abscessus was not isolated from stool in our Figure 3 Continued.
patients. The peripheral limb changes of patchy gangrene were initially attributed to DIC. However, patient 2 with lower limb digital gangrenous changes subsequently developed iliac and inguinal granulomatous lymphadenopathy despite >1 month of antimicrobial treatment. This suggested that direct mycobacterial involvement in distal parts of the extremities also played a role. This is quite expected as RGM grow better at a lower temperature.
Postmortem examination of patient 1 showed direct invasion of the mycobacteria into different organs, which is compatible with a previously reported mouse model in which M. abscessus could be found in lung, liver, and spleen up to 56 days of infection [19] . Patient 1 had severe adrenal involvement as in the case of meningococcemia, which can lead to adrenal insufficiency due to adrenalitis, hemorrhage, and infarction [28] .
In patients 1, 2, and 3, there was an elevation of both proinflammatory and anti-inflammatory cytokines related to innate immunity, Th1, Th2, and Th17 pathways, consistent with the immune dysregulation observed in sepsis [16, 29] (Figure 4 ). Patient 1 also had the highest initial levels of cytokines, which are associated with higher mortality in sepsis [30] [31] [32] [33] . The high levels of these cytokines are also consistent with the severe capillary leak observed in this patient. Moreover, patient 1 also had persistently high levels of G-CSF, IL-6, IL-8, and IL-15, which were previously observed in patients with severe influenza [16] . There were high levels of the monocyte chemoattractants MCP-1 and IP-10 in all patients, which are consistent with their higher levels observed in mycobacterial osteomyelitis compared to those of staphylococcal osteomyelitis [34] . The exaggerated activation of Th1 cytokines, Th2 cytokines, Th17 cytokines, other proinflammatory and anti-inflammatory cytokines, and chemokines can result in a cytokine storm, leading to disseminated intravascular coagulation and multiorgan dysfunction syndrome. Abbreviations: DIC, disseminated intravascular coagulation; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte colony-stimulating factor; IFN, interferon; IL, interleukin; MODS, multiorgan dysfunction syndrome; NK, natural killer; PAMP, pathogen-associated molecular pattern; TLR2, Toll-like receptor 2; TNF, tumor necrosis factor.
In our patients, the initial levels of the Th1 cytokines IFN-γ, IL-12p40, and IL-12p70 were higher in patients 1, 2, and 3, whereas these cytokines gradually increased during the later course of illness for patient 4. The IFN-γ/interleukin 12 (IL-12) pathway is important in the defense against RGM [35] . In a mouse model, it was shown that M. abscessus antigen can stimulate the production of IFN-γ [19] . Knockout mice deficient in IFN-γ receptor had impaired control of M. abscessus infection [36] . Patients with autoantibody against IFN-γ were more susceptible to RGM infections [2] . Genetic defects in the IFN-γ/IL-12 pathway have been associated with susceptibility to RGM [37] . In our patients, the initial level of IFN-γ was much higher in the 3 patients with more severe disease, suggesting that the infection has triggered the antimycobacterial response in these patients.
In addition to cytokines in the IFN-γ/IL-12 pathway, IL-7 and IL-17 also showed an increasing trend in patient 4. Mycobacterium can induce IL-17 production [38] , and IL-7 has antibacterial activity for nontuberculous Mycobacterium [39] . IL-7 is also important for replenishment of lymphocytes, which is depleted during sepsis [29] .
As soon as the identification of M. abscessus isolated from the blood culture of patient 1 was known, the antimicrobial regimen of all patients were promptly switched to antibiotics active against M. abscessus. This illustrates that timely exchange of microbiological information is greatly beneficial for the treatment of patients during an outbreak. However, antimicrobial treatment of M. abscessus remains a challenge [3] . In our patients, there was a prolonged duration of positive blood culture despite antimycobacterial combination therapy. The optimal duration of M. abscessus bacteremia is not known. A study involving cancer patients mostly due to catheter-related mycobacteremia showed that a median treatment duration of 4 weeks was associated with a favorable outcome, whereas patients with pulmonary involvement require up to 12 months of treatment [40] . However, our patients were unusual in that they were initially infected with a large inoculum of bacteria, and further complicated by systemic dissemination.
As our population is aging, there is increasing demand for cosmetic medicine due to the strong belief that beauty is associated with health in our local population. Although CIK cells were used as salvage therapy for relapsed or disseminated cancer patients, this form of immunological manipulation unfortunately has been promoted as a form of health boosting. In Hong Kong, there is currently no legislation regulating CIK clinics or beauty salons. This report highlighted that RGM bacteremia can cause rapidly progressive life-threatening disease. RGM should be considered to be one of the microorganisms leading to sepsis after the receipt of intravenous infusion of blood products. Empirical antibiotics that can cover RGM are advised in this setting. Additionally, a more prolonged incubation of blood cultures beyond 7 days may be necessary, especially if the initial bacterial load is small.
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